-A198 827 K-PULSE ESTIMATION FROM INCOMPLETE HUL}'IPLE-FIENSIENCV

SCATTERING DATA AND. (U> OHIO STRTE
ELECTROSCIENCE LAB G TURHAN ET AL SEP 87 ESL 718048 -5
UNCLRSSIFIED mau-as K-82082

|




2 'l ,.f'
""l‘ " 'i'l,-l

E ] - ' "
“'. "‘ ‘1':7 "

/Y
r

i,
(1A

2.4,

.
s 5

Pt

P AN !
N -" a.' .-' l.,:'_"‘}.‘ . &{'l

Qaaal’ Y

)
JIS

l.l D'l'l
X oo a

U e

N
LA
el

r e

P

MM 2 Tl
E ]

Al @

ey
ftey

ry

@ rze

.
A A

’ P

P 2.

AN IR

PP

e
-

b AT '
P N
':l.,:'. R ~'._-._[::.‘J‘

R ")-“.r"

o T

®
s

i Nl al tal ol aal SR Gl nd Sah- e n s 0t 2 a J'me'JNHWﬂW"JNL"d“'W]

" .0 i i

_— 32

=5
T

|

I
= [l2&

B

i

I

N
O
I-

MICROCOPY RESOLUTION TEST CHART

PRI

N

o
o




T ——

~r—e
a
.

T

RSN
wiv e

-
1]

v T
v e
51

.

r

[ 5

P 2 )
KR

D-A120 827

-

)2

Of
Ku\

)

{

[F

i

\

~ L

K-PULSE ESTIMATION FROM INCOMPLETE MULTIPLE-FREQUENCY
SCATTERING DATA AND TARGET IDENTIFICATION

Aproov A 1

Diztihutior,
T e e

Gonul Turhan
and
David L. Moffatt

The Ohio State University

ElectroScience Laboratory

Department of Electrical Engineering
Columbus, Ohio 43212

Technical Report 718048-5
Contract N00014£-86-K-0202
September 1987

Department of the Navy
Office of Naval Research
800 N. Quincy Street
Arlington, VA 22217

LR LCNT A

s -

2 teloase

Luited ¢

DTIC




1

[
» r:
I »

< B
. ettt

T
»
N

]

e

Y

*a G v %
.
L @A

4

'
t N :' ':
N e

b
)

«

AT B

AR L

- -
-
g
- .
-
-~
-

N AT AR

PR

NOTICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever, and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.

- Y -

P R e e
PTG SN A A I P P “arln




adtd et Ml Ak ek tat Sefl dnd ek Aol At uhs Bk Sad Aak A S Sl Ml Baf g Aef Sl Nakd 208 Red Sud Bad Al At 08 tal bl Ah Sl S0 ¢4 L t-lﬂr't'('l'lWlnulj

50272100
REPORY DOCUMENTATION |1. REPORT NO. 2. 3 Recipients Accession No
PAGE 7 A
4. Title and Subtitle 5. Report Date
K-Pulse Estimation frum Incomplete Multiple-Frequency Scattering >ePtember 1987
Data and Target Identification s
7. Author(s) 8. Performing Organization Rept. No
Gonul Turhan and David L. Moffatt 718048-5
9. Performing Organization Name and Address 10. Project/Task/Work Unit No

The Ohio State University ElectroScience Laboratory
1320 Kinnear Road

Columbus, Ohio 43212

11. ContractiC) or Grant(G) No

‘“ N00014-86-K-0202

(G)
12. Sponsoring Organization Name and Address 13. Type of Ro'poﬂ & Peri0d Covered
Department of the Navy, Office of Naval Research Technical
800 N. Quincy Street "
Arlington, Virginia 22217

15. Supplementary Notes

16. Abstract (Limit: 200 words)

The K-pulse waveforms of realistic aircraft models are oh*ained from
incomplete multiple-frequency scattering data without a priori knowledge of
the target complex natural resonances (CNR). The aprruuch is based on
minimization of the late-time energy content of tk. K-pulse response at

several aspects and/or polarizations. Use of *'. K-pulse as an identification
tool ic demonstrated. . _

317. Document Anslysis @ Descriptors

b identifiers /Open-Ended Terms

¢ COSATI field/Group

18 Avsilability Statement 19. Secunty Clasa qrm' Report) 21. No of Pages
A . i . . ) Unclassified 16
App’:‘oved for DUb] c re}easp; d)Str]bUt]on 15 20. Security Class (Th!l. Page) 22. Price
unlimited. Unclassified
(See ANSI-ZI% 1D See Instructions on Reverse ?,:’,.::,A'L :?.;'3:;'2 4-TN
]. Department of Commerce

[ ‘- AT T AT AT AT T PR \-..: ‘--.'\ '_-4 __-r
N M I AN AR MR PG



N

Lol oo

™

, -

)

Mandfandla Ada Ade Ata Ao i a A b-a b Bl A A Sf AR 4 u S b St A1 v S gos agt i UL SRS Y

Aol A A 2t SVE BVE IUE 4 BB Rl R R

TABLE OF CONTENTS

Applications

Conclusions

References

f"f"#‘a?#\



W, ’ P "_.

ey

AR

’\-‘-"v e | x

N R

.

- o

-

.fv‘-'t'-'-‘
PR P

-

AT B

.I\
e

.

AL @ o

:Eh (s

vﬁ \'\‘\

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

A RCSAT S

LIST

K-pulse waveforms for
models. ........ ..ot

Impulse response (**--
response (———) of
vertical polarization.

Impulse response (- --
response (——————) of
polarization and 30°,

Impulse response (°---
(——) of B-727 at

Impulse response («+--
(———) of DC-10 at

OF FIGURES

DC-10 and B-727 aircraft

................................ 6

-++) and the matched K-pulse

DC-10 model at 0° and 90°,
............................... 7
+++) and the matched K-pulse

B-727 at 90°, vertical

cross-polarization. ............ 8

+++) and K-pulse response

0°, horizontal polarization. ... 9

+«+) and K-pulse response
30°, vertical polarization for

(a) matched K-pulse of DC-10 and (c) mismatched

K-pulse of B-727, and
energy curves for the
the K-pulse response (
(d) mismatched cases.

the normalized instantaneous
impulse response (+*+++-- ) and
) for (c¢) matched,
(Signal-to-noise ratio of the

impulse response is 13.6 dB.) .....iiiiiiiiiiiiiiiann 10

{

TR :;\ \J‘.

iv

PRCR R (-f.f*.r.r e P v P L
.’\ ‘\'\' A [ , \\,"\




..
L

4 A& A

™

CREAE AP LAY,
.

(T 4

.

I. METHOD

To the definition of K-pulse given by Kennaugh [1] must be added
the requirement that only target complex natural resonance frequencies
(CNR) should appear as zeros in the K-pulse spectrum for that target, no
additional zeros are permissible. Under this condition, a unique time-
limited (TL) K-pulse waveform elicits theoretically TL response
vaveforms for all aspect/polarization combinations of the target. As
far as che dominant CNR of the target are known, there are several
approaches to synthesize the K-pulse [2,3,4). But, in general, accurate
estimation of the CNR is a very difficult problem, so the applications
of the CNR-based methods are quite limited. It has been demonstrated,
for geometrically simple targets, that the method of minimization of the
late-time energy content of the K-pulse response with respect to K-pulse
excitation does not need to use CNR information [5].

The approach presented in this report has been developed for very
complicated target geometries, like aircraft and land vehicles. The K-
pulse vaveforms were obtained from incomplete, multiple-frequency
scattering data without any reference to target CNR. The data are
termed incomplete in the sense that the most dominant CNR are not
spanned, due to practical measurement limitations at low frequencies.
The data are also termed multiple-frequency in the sense that the
backscatter data at several combinations of aspects and polarizations
are used when generating the K-pulse waveforms so that the the
information about some CNR which are not excited strongly at one

combination may be available at the other combinations.

? ¢

*. -t e . . . b
- . . -
N e e e T e e o - »

v, e  emtmc st
o > N NN N

AT




W oA 4T W S w4 W W w W W W e e MWL T W T T NN W RN W W e
: 5
. ’
. ‘
g. The postulated model for the K-pulse waveforms is composed of a y
L. unit impulse at the initial time instant and a continuous time function «
)
;: of duration, 2L/c, where L is the maximum linear dimension of the i
o
. target. The unknown sample values of the continuous part are estimated
!
'; by minimizing the combined energy content in the late-time portions of ;
E the K-pulse responses at two or more aspects/polarizations.
;: The proposed method of target ider-ification uses a parallel bank a
of digital K-pulse filters, one for eac.. target in the class of 1

interest. Measured broadband,incomplete spectral data from an unknown b
target are passed through the filter bank after being smoothed by a

three-times differentiated Gaussian shaped function. When target and

filter match, a severely TL response waveform showing an early-time

energy content enhancement (in comparison to the impulse response from

'.'.'.','l')\- 't'-'.'-':‘-'t'~

P

the same bandlimited data) results. Comparison of the normalized
% instantaneous energy variations of the impulse response and the K-pulse
‘i response for each possible K-pulse in the filter bank is used as the
identification tool and it has been verified that this method of

ol identification works well even for extremely noisy data.

II. APPLICATIONS

.
[ The targets used for the demonstration of the approach are DC-10

E: and Boeing 727 electroplated aircraft models where no features of the ‘
a real targets were simplified. The co-polarized and cross-polarized "
. backscattere. data used to obtain the results were measured on the Ohio

; State University compact range. The aircraft orientation is with the '
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vings in a horizontal plane and 0° aspect angle corresponds to nose-on
incidence. The model frequency span used for both targets is from 1 GHz
to 7.4 GHz.

Figure 1-a shows an approximate K-pulse waveform for the DC-10
aircraft model using backscattered data at 0° and 90°, vertical
polarization (VP). The K-pulse waveform shown in Fig. 1-b belongs to
the B-727 model which wvas estimated using the data at 90° (VP) and at
30°/cross polarization (XP).

Figures 2-a and 2-b shov the normalized impulse responses and the
K-pulse responses (to the K-pulse in Figure l-a) for the DC-10 model, at
the combinations 0°/VP and 90°/VP, respectively. Similarly, Figures 3-a
and 3-b show those results for the B-727 model (the corresopnding K-
pulse shown in Figure 1-b) at the combinations 90°/VF and 30°/XP,
respectively. The common observation to all these results is that the
K-pulse response has a minimized late-time energy content with respect
to the impulse response at the same aspect angle and polarization but
the early-time energy content has not been reduced much. In other
wvords, response of the target to the matched K-pulse has an early-time
energy enhancement feature.

The examples given in Figures 4 and 5 demonstrate not only the
target identification capability of the K-pulse method but also show
that the approximate K-pulses obtained for DC-10 and B-727 aircraft

models work well at aspect angles and polarizations other than those

used for the synthesis of these K-pulse waveforms.
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Figure 4 shows the responses of the B-727 model, at 0° horizontal
>, polarization (HP), to the K-pulse of the B-727 (in Figure 4-a) and to
e the K-pulse of the DC-10 (in Figure 4-b). While the expected results
a0 are observed in the matched case, the mismatched K-pulse response in
Figure 4-b does not show any reduction of energy in the late time,

The effect of random noise in target identification and the use of
normalized instantaneous energy curves are presented in Figure 4. The
impulse response waveform of the DC-10 aircraft at 30°/vertical
O polarization, shown in Figures 4-a ard 4-c, has a signal-to-noise ratio
(.- of 13.6 dB. Figures 4-a and 4-b were obtained by using the K-pulse for
the DC-10, and Figures 4-c and 4-d show the results for the K-pulse of
the B-727 aircraft. The results shown in Figures 4-a and 4-c
g demonstrate that the identification method works quite well even for
extremely noisy radar returns. Figures 4-b and 4-d present the

normalized instantaneous energy curves for the K-pulse responses and the

jﬁj impulse responses where it is possible to see the enhancement of the
S ]
early-time energy content of the K-pulse response, in comparison to that
.:5 of impulse response, when the target and the K-pulse match.
I
A
.
"b III. CONCLUSIONS
:i: It has been demonstrated that generally useful K-pulse waveforms
):i' can be obtained for geometrically complicated target structures even
.- .
- vhen using incomplete scattering data. Multiple-combination data has
0.
;33 been found to be quite useful to handle these types of problems. It has
b -
K o also been shown that the K-pulse method is a significant target
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" identification tool, since the K-pulse of a target is aspect and

!l polarization independent. The fact that the K-pulse concept can be made
S to work for incomplete scattering data shows promise that K-pulses may
also be feasible for substructures of the target. Research on the K-

.! pulse and its application to ships and land vehicles is continuing on

Contract N00014-87-K-2011.
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Figute 1. K pulse vaveforms for DC-10 and B-727 aircraft models.
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Impulse response (:°:+-++) and the matched K-pulse response
(——) of DC-10 model at 0° and 90°, vertical
polarization.
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Figure 5. Impulse response (:-..... ) and K-pulse response (———) of

DC-10 at 30°, verticai polarization for (a) matched K-pulse
of DC-10 and (c) mismatched K-pulse of B-727, and the
normalized instantaneous energy curves for the impulse
response (-**-*+°) and the K-pulse response (—) for (c¢)
matched, (d) mismatched cases. (Signal-to-noise ratio of thre
impulse response is 13.6 dB.)
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